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Problems

1. Let the signal x(t) shown below be input to a phase modulator producing y(t) = cos(θ(t)).
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Assume the carrier frequency is ωc = 4π
T

rads/sec, the carrier phase θ0 = 0 and that kp = 1.

(a) Sketch θ(t).

(b) Sketch the instantaneous frequency ωi(t).

(c) Sketch y(t).

2. Let the signal x(t) shown in Problem 1 be input to a frequency modulator producing y(t) = cos(θ(t)).
Assume the carrier frequency is ωc = 4π

T
rads/sec, the carrier phase θ0 = 0 and that kp = 1.

(a) Sketch θ(t).

(b) Sketch the instantaneous frequency ωi(t).

(c) Sketch y(t).

3. Show that the output of the system shown below is dθ(t)
dt

. If r(t) = A cos(ωct + θ(t)) is the output of

an FM modulator with input signal x(t), show how dθ(t)
dt

is related to x(t).
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4. Let p(t) =
∑

∞

n=−∞
δ(t − nT ) in the figure below.
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(a) Derive an expression for xp(t) in terms of xc(t). Simplify as far as possible using the properties
of δ(t).

(b) Using the modulation property of the Fourier transform, derive the relationship between Xp(jω)
and Xc(jω).

(c) With the spectrum Xc(jω) given above, sketch Xp(jω) assuming 2π
T

> 2ωM .

(d) With the spectrum Xc(jω) given above, sketch Xp(jω) assuming ωM < 2π
T

< 2ωM .

(e) Design an ideal low pass filter H(jω) to recover xc(t) from xp(t) assuming 2π
T

> 2ωM . Illustrate
with a sketch the operation of H(jω) in the time and frequency domains.

5. (a) Derive an expression for Xd(e
jΩ) in terms of Xp(jω) for the continuous to discrete block shown

below.

Continuous
To Discrete

MapXp(jω)

xp(t) xd[n]
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jΩ)

(b) Using the expression for Xp(jω) derived in Problem 4, show how Xd(e
jΩ) is related to Xc(jω).

(c) For the spectrum shown in Problem 4, sketch Xd(e
jΩ) assuming 2π

T
> 2ωM .
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